Introduction
It is certainly a special privilege to talk here at Visalia a n d close to the western slope of C a l i f o r n i a ' s Sierra N e w t d a a b o u t a species of tree which is the b o t a n i c a l s a u r i a n of o u r world, the most massive living o r g a n i s m Abbreviated form of the Banquet talk at the Symposium "Giant Sequoias: Their Place in the Ecosystem and Society", held by the U.S. Forest Service, the University of California and other Contributors and Sponsors at Visalia, Calif., USA, June 23 25, 1992. 2 Herrn Professor Dr. Horst Schulz, M/.mchen, aus AnlaB seines Ausscheidens aus dem Dienst gewidmet. -~ Der Verfasser schuldei Herrn Forstdirektor Dr. J. Kleinschmit
Letter der Abt. C der Niedersiichsischen Forstlichen Versuchsanstalt zu Escherode, herzlichen Dank flit wcrtvolle Hinweise zur Genetik. Anzucht und Verbreitung der G. S. But already in the decade of the Fifties of this century, C. A. Schenck (1953/54) , a man who inspired modern forestry in the US as in Europe, finished a broad inventory of ~'exotic" trees investigated by the German Dendrological Society with the remark, that the growth of Giant Sequoia planted in many parks and botanical gardens in Europe surpassed all other species controlled by the society. Looking at the knottiness of the species he asked on the same occasion, what we should do with the wood of a tree, which was shunned for exactly this reason even in California. In 1957/58 E. and I. Marlin, a dentist couple and hobby dendrologists, stressed the potential of Giant Sequoia as an useful addition to forestry and started planting some younger stands in the West of our country, fascinated mainly by the growth rates of stands established at Weinheim (Germany) and Belle Etoile (Belgium).
The way to Europe
R. J. Hartesveldt (1969) traced down not only the history of the tree's discovery by the white man about 1833, but also some of the seeds ways to Europe about 1853. He listed 591 locations in 25 European countries, where Sequoiadendron was planted and surviving to significant size. But it was W. J. Libby and L. Fins (1976 , 1979 . who mobilized the interest of Forestry and Forest Product's research in a species, which was well represented in Europe before the quaternary glacial periods as was Douglas-fir.
Where did we get the first seeds from? It seems today that the parties who crossed the Sierras on their way to the west met the giant trees in the most northern areas of a band nearly 4 0 0 k m long distributed along the western slope of California's Sierra Nevada mountains. It is quite sure, that within the 20 years which passed between the first encounters in 1833 and a first report in London's Gardener's Chronicle m 1853. other groves in the Sierras may have been found. Since the seeds were introduced to botanical gardens, arboreta and parks and not to forests, little is known about their origin. On the other hand, these seeds were very expensive (B. J. Hartesveldt 1969) . Until the early years of this century, only three true stands according to a forester's understanding were planted in Europe, the first of them in 1862 by Baron Christian v. Berckheim at Weinheim, Germany, the second in line the one in Belle Etoile of the Groenendaal Experiment Station, by now 91 years old, and finally one of the same age at "Tervuren'" at the Donation Royale, both located in Belgium (J. Kleinschmit 1984) . All the younger stands were established after World War II in a time, when greater knowledge and experience was available from earlier plantations of stands and solitaires.
Climates and soils
What were the lessons learned by Europeans exploring the results o1" more than 100 years of raising Giant Fig. 2 . Locations where Giant Sequoias were st, ccessfully planled ill arboreta, parks and botanical gardens in Western Europe (according to R. H. Hartesveldt (1969) , W.J. Libby (1981) and J. Kleinschmit (personal communication)
Sequoias between Norway and the Black Sea, and between the Mediterranian and the Baltic Sea (Fig. 2) '?
Sequoiadendron has shown itself to be adaptable to a wide range of climates. While it occurs naturally only between northern latitudes of 35 < 5' and 39: 3', it was successfully planted in Europe between latitudes of about 39 ~ and 61':. In California it occurs between 1370 and 2300 m elevation where annual precipitation averages of more than 1000 mm. Precipitation falls in the form of snow or rain almost entirely in the winter. Most of the European plantations are located further to the north and have a colder and wetter weather. Elevations range from sea level up to 1000 m with rainfall amounts less than 1000 mm scattered all over the year.
M. Guinon, J. B. Larsen and W. Spethmann (1982) found frost resistance to be one of the limiting factors regarding the growth of seedlings, but at the same time significant and substantial differences in winter damage between 22 provenances representing the entire natural range of Giant Sequoia in California. After the period of plantation and first thinnings the warmth of the growing season seems to be of some importance (W. Libby 1981 , Landesanstalt fiN Okologie L61f 1982 .
Man}' quite different soils proved to be a healthy basis for the growth of Sequoiadendron. Weak and moderate 147 acidity seems to be a litvourable quality, as are well areated and well drained soils. Loose sediments and sedimentary rocks as graywack and slate showed themselves to be very good as did silicaterich areas. Since the roots of the species keep expanding quickly into the lower horizons of the soil profiles, they are capable of reaching the upper levels of groundwater, developing a somewhat heartlike form of the overall root (Wolford, J. L. and Libby, W. J. 1976 ). On the other hand stagnating water proved to be the source of many disappointments (L61f 1982).
Form of the crown
Sequoiadendron is simply a beatttiful tree, a fact, that explains the rapid progress in the many parks and arboreta in Europe. This is true not only for nearly all stages of its life as a solitaire, but also in the companionship of its natural neighbors within its Californian environment ( A bh's concolor, Pinu.r.fl~/J)'eri and pondero.~a and Calocedrtts &'currens) . The form of the crown is highly variable, partly for genetic reasons (E. J. Martin 1957 /58. L. Fins 1979 , and partly for the pressure produced from other species within the same stand ( Fig. 3) Since Sequoiadendron suffers badly from all types of shadow, it should be planted in distances of about 4 x 4 m. The other species, in Europe mainly Douglasfit', European larch, Black pine and European Silver fit-, should be mixed into the spaces left after Sequoiadendron has survived the first tests of its frost hardiness. With increasing age, the yellow-brown colour, the strong textttre of the bark, and the silvery or sometimes yellowish-golden shine ot'the leaves, a genetically fixed variability, will add to this impression (R. J. Hartesveldt 1969 , J. Kleinschmit 1984 . For reasons mentioned before Europeans felt rather disappointed about their restricted knowledge of the differences in growth and quality of Giant Sequoia originating from variations m the genetic architecture of the species within the area of its natural distribution in California. Certainly, R. Kleinschmit, the father of J. Kleinschmit, began a conservation program for Sequoidendron specimens older than 60 years, north of the Main river, which had already proven to be frost hardy enough to survive tinder comparably hard conditions in 1955. Seeds of these trees were grafted and planted in an orchard in Escherode. They showed that Sequoiadendron is by far the most productive conifer which can be grown in Europe [J. Kleinschmit 1984) . Later it was Lauren Fins, who furnished seeds from 34 different provenances within the Sierras to the Lower Saxony Research Institute in 1976. The seeds constituted the basic material for tests on 3 different sites in North Germany (L. Fins 1979) .
Recently, D.L. Dekker-Robertson and J. Svolba (I 992) reported the first results of this experiment (Fig. 4) Leaving aside many of the interesting statistical problems and the uncertainty of inbreeding I should like to mention only that the tallest provenance overall was Whitaker's Forest, followed by Standard USA and Mountain Home. Mortality did not follow a generally geographic distribu-tion, nor was it influenced by the elevation from which the provenance originated. Certain provenances appeared to be poor survivors and performers on most sites. On the other side J. Kleinschmit (1984) mentioned, that he forwarded stecklings from 22 provenances to the French Afocel and received seeds from 11 stands from A. Franclet. Other investigations are under way in Hungary and Yugoslavia, all of them cooperating with the University of California.
Growth and yield
In our attempt to get more information about the qualities of Sequoiadendron as a forester's tree, its growth and yield required special consideration. We had learned much about the fantastic growth of solitaires in many parts of Europe; but solitary trees don't behave like trees in normal stands, and tile number of real stands is very limited, as mentioned before. The famous stand at Weinhelm, by now 120 years old, still shows a current annual increment per ha of 20 cm 3, the one at Belle Etoilc a mean annual increment of more than 44 m 3. This is by far more than every European conifer can do in its highest yield classes (European silver-fir, yield class I, after heavy thilming 21) m 3, at age 45). But these "stands" represented a size of only 1,4 resp. 0,25 ha (J. Kleinschmit 1984) . Therefore, we decided to analyse growth as weU as yield and wood quality by sampling whole trees from 7 different stands with ages between 11 and 98 years from the same stands. M. Guinon. F. Hapla, S. Lewark and C. Schr6der (1983) collected 2 increment cores per tree from a total of 20 trees in dominant or intermediate positions, representing Kraft's tree classes l -I l l .
The width of the annual growth rings frequently exceeded 18 nun during the first and second decade of life, leading to diameters at breast height up to 45 cm (including bark)at an age of only 20 years. Stem analyses of these European trees indicated (Fig. 5 ) that this period of 11tscinating growth is restricted" and as a result, most plantation trees produce a decidedly tapered form (0~ versus 0,47 for European silver-fir). Only as the crown recedes does the maximunl width of the growth rings shift upwards, resulting in a more cylindrical bole of the mature tree. Using the control data of different stands in Nordrhein-Westlillia and simulating the further development of height and breast-height diameter, the Forest Experiment Station of Nordrhein-Westlillia designed the future of both parameters to an age of 120 years (L61f 1982) . I should like to compare these curves with those of the best site classes of Douglas-Fir, Norway spruce, and Scots pine according to the tables of Bergel 1969 , Wiedemann 1936 /42 and Wiedemann 1943 to exernpli~* the potentials of Giant Sequoia in Western and Central Europe (Fig. 6 a, 6 b) . 
Wood quality
Our drawings lead us to problem No. 1 regarding the use of the wood of our tress: its knottiness. From the lack of natural regeneration and the necessary wide spacing of most plantations we get so many knots within and outside of the trunk, that it appears sometimes difficult even to take increment cores at breast-height fl-om younger or medium aged trees. Due to several l:actors, i. e. the early heartwood formation in stem and branch, the length of time the dead stubs relnain oil the tree exceeds the proportions known in other species. In addition a two-dimensional drawing of distribution and size of knots on the surface of a younger stem floln Belle Etoile shows that there are practically no internodes between the branch generations (Fig. 7) . Giant Sequoia is so slow in shedding its branches that early pruning is a must in order to produce an appreciable vohime of clear lumber within rotation periods of short or medium length. 011 the other side, pruning apparently is the most effective means to achieve a more cylindrical form of the stem within reasonable time.
fungi, phenomena which deserve more exploration and examination.
Heartwoodformation
Ifheartwoodformation is a prerequisite for early pruning, its wlriation within Sequoiadendron giganteum deserves special attention. In Europe, we were surprised by variations within the different trees collected (W. Knigge, P. Pellinen and T. Schilling 1983) . While the transition of sapwood into heartwood starts as early as after the formation of the 5. to 9. growth ring, there is flequently a variety ofcolours within sapwood and heartwood (Fig.  8a, b) . Apparently, even the famous heartwood of Giant Sequoia seems to be the object of attacking bacteria and
Fiberlength
A significant part of second-growth wood of Seqnoiadendron will end up in pulp and board mills. This led us Io the investigation of its tiberlength. As in most softwoods, tracheid length within a stem cross section showed the typical increase from the pith to the bark. From 4.800 measurements in different heights of a 63 year old tree from the Belle Etoile-plantation, the average tracheid length turned out to be 3.09 mm (Fig. 9 ) compared to 1.1-6.3 in Norway spruce and 1.3 4.5 in Scots pine. As usual the increase was also more distinct within the juvenile wood than within the more mature wood, The 
I0 Specilic gravity
Specific gravity resp. density of European Giant Sequoia was the next property to be examined on European trees. The measurements on 3.149 samples from 14 trees produced data, which put this species on the class of ultra-light softwoods. We found a medium value of 0.346 g/cm 3 with a range from 0.180 to 0.600 g/cm 3
This permits the conclusion that Giant Sequoias will provide us with an easily handled and easily utilizied raw-material.
On the other side, it is o[" more than only academic interest that we found Giant sequoia's specific gravily neither positively not" negatively-correlated with the width of the annual growth rings~ and that some models of the variation within the trees investigated showed a decrease between the pith and the bark (Fig. 10) . No significant correlation could be established between wood density and age, width o f the annual rings and the height of the samples within the tree. Certainly we do not have to be aft'aid of relatively wide spacings of new plantations as long as we care for the necessary job of artificial pruning, another reason for doing so.
Strength properties
Regarding the Strength properties I am well aware of the fact that in California Giant sequoias strength is generally considered to be inferior to the Coast Redwood. Our own tests based on the trees mentioned earlier from plots in Belgium and G e r m a n y showed low values for Compression strength and Tensile strength parallel to grain (Fig. 11) . Also, static Bending strength turned out to be low in comparision with nearly all other . Surprisingly, toughness of the sapwood zones proved to be significantly higher than those of the heartwood area, a phenomenon very likely connected with the unusual variation of specific gravity. Puzzled by this result, we increased the number of samples examined, dividing the total 1600 equally between heartwood and sapwood. But the result did not change significantly. All the data collected lead us to the still tentative statement, that while the static strength properties of second-growth Giant Sequoia are very modest, its toughness deserves recognition.
Durability
Last but not least the durability of Giant Sequoia was largely considered as its most outstanding wood quality. We left this part of our investigation to the FraunhoferSociety for applied research at the Wilhelm-KlauditzInstitute in Braunschweig. While early growth was hampered in many areas of Europe by Armillaria mellea (Honey fungi), Botrytis cinerea (Grey-mould) and several forms of the genus Stereum accompanied single trees until the age of maturity. At Braunschweig fl-ont-and backside of sun-and rainexposed samples within a multi-year-durability test did not show signs of fungal or bacterial altack during the first 18 months (Fig. 12) . According to Dr. B6ttcher the colour changed slightly from red to a grayish red in the heartwood zones, while the sapwood demonstrated not more resistance than other European softwoods, i.e. Norway spruce and White fir.
Sequoiadendron's limits
Regarding the limits of frost-hardiness, we should like to leave this problem to further analysis by geneticists. The problems of diseases or decay are probably not greater than in all other species which were extinguished during the ice-ages and which are currently under consideration for partial repatriation. Therefore the possibilities of utilization of the wood of Giant Sequoia seem to hold the key for its propagation. However if we can handle the problems of fast-growing Monterey pine (Pimls radiata D. Don.) more or less the world over, we should be able to solve those originating from the particulars of Giant Sequoia. From the Wood Fig. 1 Biologists point of view, plantations of the future should consist of genetically controlled material. As we learned B. Libby and L. Fins with co-workers of the University of California resp. Idaho keep devoting much interest in the genetic pecnlarities of this species. In Europe, several research groups joined them in exploring the variability of different clones. First thinnings could be combined with harvesting Chrislmas trees, which could casily be sold domestically and internationally. Early pruning, which is extremely necessary, should enable us to sell the green parts of the branches during the October-and November-season. By increasing the ratio of the thinnings over the years, the usual decline of diameter growth should be slowed down to a certain extent.
On the other side, we should not expect a yield of 20 m 3 per annuln et hectare under every condition of soil and climate. But quite apparently the average growth of Monterey Pine at the southern half of this world can at least be achieved. Therefore a rotation period of 30 to 40 years according to the different site classes -would leave enough time for the necessary heartwood formation and diameter growth at breast height to at least 45 cm.
Utilization
Regarding its utilization, Europeans understandably lack the experience gained in the U.S. over 150 years. Because of Sequoiadendron's limited strength, beautiful colour and high durability planing-mill products such as doors, sidings and ceilings, and also fences, poles, boxes and crates could be produced like those recommended for Redwood (Panshin, A.J.; Zeeuw, C. de 1980) . The smoothness of its surti~ce and its low shrinkage and swelling recommend its wood for pipes and flumes as well as for garden furniture and boatbuilding. The pruned lower part of the trunk should permit the production of light plywood, which we need for an alternative to the heavy-weight technical plywood manufactured from European hardwoods. But we could use the wood of Giant Bild 13. Bronzetafel at, f einem Stock tines Mammutbaumes im Botanischen Garten der Georg August-Universitiit G6ltingen, gestiftet von H. Bruman (UCLA), erinncrt an die Inauguration des akademischen Austauschprogramms mit der Universitfit in Kalifornien im Jahr 1963 sequoia also for shingles and shakes, and, as experience indicated also, as a material for turned and carved articles, if the width of the a n n u a l rings does not exceed 10 mm. Other parts of the harvest of thinnings may be used by the fiberboard-and particleboard industry. While most of these forms of intelligent utilization are still matters of careful p l a n n i n g and introduction, we nevertheless believe in a future for the big tree in the western parts of Europe.
A final remark:
The G e o r g -A u g u s t -U n i v e r s i t y of G 6 t t i ngen is glad to be the G e r m a n partner of the Education-A b r o a d -P r o g r a m of the University of California. A bronze-plaque donated by Dr. Henry B r n m a n , U C L A , co~rm-mmorates the f o u n d a t i o n of this institution in the year 1963 (Fig. 13) . Located just in the middle of a small grove of G i a n t Sequoias within the new Botanical garden it is close to our School of Forestry and very near to our Forest Products Laboratory.
